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(57) Abstract: The present invention discloses a method for measuring the operatmg state of a synchronous motor using 

OO composite power angle meter.lt includes the following steps: a, obtaining all kinds of signals of the synchronous motor as well 

^ as the system; b, converting the electric signals described above into digital signals by data collection part in the composite 

\Q power angle meter and inputting all the digital signals to a host computer; c, inputting related parameters or commands to the 

^ host computer by using the keyboard and mouse; d, the host computer calculating the motor's related data according to a 

^ program, obtaining the coordmates of related points as well as related data, and inputting the results to a image displaying 

^ program; e, by using the coordinates of main points and the calculated results, the host computer displaying graphs on the 

^ display by the processing of the image displaying program, the graphs showing dynamic composite power angle and compound 

f<l leakage magnetism in the motor's end which change along with the change in the motor's parameters. The method supplied by 

^ the present invention can reflect the operating state of the synchronous motor directly from electric and mechanic aspects, and 

^ reflect the situation of the compound leakage magnetism in the synchronous motor's end. 
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m 18 ^mm:^t^mM'^^j3:^mmmm^'^m.mrJik^^MmM-^^M^mvj — m 

Mo 

turn 2 ff*, :^RmM.^:^M^Mjt^m^^tiMm^mmmmmm, 1^^^ 1 b^^o 



^ 1 ^a^jt:^^tfo^aiirm 6^ 
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Mm^^ra^^mm p?p 




















[wi^^tfiap Tvi 




t/.,* u.r y... 








^^^^ 




-trr t;1±1 — ' -kU pb 




MB. 


iwi^i#imp Tvi 

|Bli^*mi±JP TA 


imm^m. u,. 

^^^m. I, /„ 






IWI^itAfcHP TVl 






^^TV2 








!iji^%map Tvi 







1, m.it^^^-&.-^m^m^mMM^^m^m^^ik.% o— ±20mA 6^tim*.M-§-c 
3> # 0— +5V at)*.js^-^^Aif^^*^p-i?, M A/D m^-^%m.^mM^m.^MM 

— ±5V *.ffiff -^^iri^^ A/D $tm^S. 

#s^^ifcfi<]^ft-ff-§-ffl7i^^TP^^^f PiiAit»*ii±t;i, sit#*n.±m^#^A6<]is-§-3a^f 
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u ^^iw]^*ia^T%J5^ ^mi^^. mm^m. ^min^. mmmm^, 

( — ) f ij ffi a-^ijj iJi^iU » ill) is] ^ % tLfis^^^ ^-15'^^: 

K it3Sfi-^?!]:^'(^^h^^^. «lW]^%*rL^? ^Mt^, mk^B.. ^Mt^, 



1) Mt.m^mm^ 
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am^^UMiM^f^mmm, t.um2opjx^. mmm^. me. a?, ms. m9. mmn^ 

mB: Ao(a.b) Bo(c, d) Co (e, 0) Do (0, 0) Eo (/, g) Fo (/, 0 ) Go 

(c,0 ) 

m 6: A, (a, b ) C, (e, 0) D, (0, 0) E, (/, g) 

mi: kAf,i) B^Cf.f) C2 (f.O) Da (0,0) EAi-.f) 

A:,(-t,--|-) B3(-t,-4-) (-f.-O) EA-i,-f) 

mS: A4 (a,b ) B4 (c, d) C4 (e,0) (0,0) E, (/, g) 

a 9: As (h, i ) Cg (j,0) Ds (0,0) 

ffl20: Lo (0, 0) X20 (Xi, Y,) Y20 (X2, Y2) Z20 (X3, Y.) 

, m 6 ^;f^j*j*a^lBH#MH6^i£ii^Klli^^*lliJ]:fe^4ffl. A„ (a, b) . A, (a, b ) . 
A4 (a, b )-^S 6 m^&^n^^^mm^^A^A'^^^^^^^^^^^-^ Co (e, O) > C, (e, 0) . 

C4 (e, o)-^ffi 6 m^^n^^^u^^B-tf^mm^.m^mMu^n; j^. d„ (o, o) > d, (o, o . 
Da (0,0) > D4 (0,0) ^mem^^m^^^i'^Mf^^mm^.om^'mmui^m; ;^Az(f,-i-) 

MU^s.^mem^^m^^^mm^^A^*'^^^^^^^^^^--^' (t,o)ii^ii^ii 

b) |lI^%#l$f^Pi!"J#$ft^C.^: ^SOl^^Do D, D4 Db^^H^Cs IsAllIi^^W^X'f'^BtCoDo 

c) ' m^^w^^nm- ^mu^Ho d^ d4 Ds^h^c^, um^^^ji'^.^j:i^^ c,d,Mm. 
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i) m^: j^,Eo Fo, ;^Bo -^^ Go;ir, Co Go, mmmmmmo 

j) ^,D. sij^. A^^m, mw-^m^mm^m^> ^^^i^i^ a,; ;^e,^o a, 

k) MU^MUiR: 
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j^. A^l^g "m^" , J^. B^m "3i)," , 1^. Cafe , Dsfe "0" , E,fe "si)" 

A„fe "Sij," , BM "1S>/ , ^ CM "SSH)" , D,,fe "0" , E,fe "2b/' 
X20 > Y20 Z20 

.^Mtm^^^-^^m^it, m^^^±=^^fMwm^^'^. h^h^h^-^^t^a^m-^c 
m) wmM-^-m^mp.-- 

p) mmm^mi^: ]^}^Mm't^> ^soiii^aDBAs. Dsa^^asijaaiic a^;^^:;'^. 
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^2 m^m^ 
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DoCo 
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D5A3 CT M 
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ff) 
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D3A5 CT M 




DoAo (TMtC 




A2A. (X^M 


D„A4 CT MtL 


D5A3 CT M 
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^±^Mft^^, ^m^iitmnn^m 5. me. mi. ms. mq. s 20 ^^a<j7^#si 

2) it»:^i^^^ 

(1) m&mm 

K2 > K.O ^^«^M%m«%i±:. I!jM%^t> 

^mjjm^ ^Mm. ^^m«. htmm. i^j:^, ^ft^ji^o *>fcnii^#ifc, ±w 
-e.^: »%ffi> mm^m. ^^mm. ^mm. M=^mmM. 

(2) #i6:it#: 



a 


Pj = ^i.^ 








b 










c 


^ =-'^,/« 








d 










e 










f 




^X ~ ^ Xofx 






g 










h 


^ xabj ~ ^ XU^ xab 


^ xhcj = ^XU^ xbc 




^ xcaj ~ ^ } 


i 








'^BJ ^ ^ BL 



(3) ^l^rIb^S|5]^%tLa$*lHl^%in;X,'tt 
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a) MMm 12 pjf^m:^m$i^m (/, = o ) mmj^mmm ci^^i^:) ft^, bp u=/o ci,) 

U=/n (I/) /^^ - /^)?>j-i3iatlJ^Bi B„, 51^B Bi B2 - B„ 

u= /o (I/) ^;^c Ci C2 ••• Cn, ^^^o^Dj^cci, #M-feo Ci^^tj^ B.^^f^mm^m 

c) MEb 

d) )|^E«ilf^$nX,= / (Be) mm. #Xdll 
(4) 

a H = e + jl^ * X^ = HZS ^}^^^^ ^ (90'}S} - 90°) 
b =I^sin{d + <p) 

d a = (e * cos S + 1,1 * X ) * cos ^ 

e 6 = (e * cos + /„ * A-rf ) * sin 

S d = I^*X,*sm6 
h / = e * cos ^ (5 
1 g- = Y e * sin 2<y 

j Sl]il^»it# 

12 



wo 2005/066648 



PCT/CN2003/001153 



Ca) 

(b) ^15r»»?* 

X,=K,a;Yi- K,b;X2= K2(f-a)+ KsC— a) -,¥2= K2(g-b)+ K3(d-b) ;X3= X, + X2;Y3= Y, + Y2 

a C/ = A'y.CM^ +Mac'=^120'' +Mci^240°) = iyZa 

b C/^ = i: ^ (a + ZnO " + Z240 '') = U,Ze 
ri JL- IL ys 

f h- Kf,U ^j*cosS ^ 

u m.'^n^^j^Mixi'Yn'mm, %it^t-^, ©is^s^ «-ft-^, 
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mmm^^m.M^^j3M^^m.^s.mm, -^imm^mmm^^^M^^jtiM, jas i4; 

n^^i^M-^-^jjM^mN—mmM^^mm, is? mmm^^um^^mmmm, tarn 
22m^o mm^m^mwj^,mmwMmmm±^mmm, turn 19 m^, umm22m^}^., 

j^^n^&TMm 11 m^, m le «;^^#:&TAffi 12 13 m^, m 17 ^t^;^.^TOT^ 
m 14 m 18 ^tg;^^#:6-T^ffi 15 m 22 m^^j^^n^^TMm 22 m^, -^^^m 

m 14: Alo (a, b) Cio (e, 0) Dw (0, 0) G,o (a, 0 ) 

m 15: An (a, b ) Cu (e, 0) Du (0, 0) 

m 16: A,2(f, f ) Ci2 (f.O) D,2 (0,0) 

AiaC-f, - -I-) C,3 (-f .0) 

m 17: Ah (a, b ) Cm (e, 0) Dm (0, 0) 

m 18: Ai5 (h, i ) Ci6 (j,0) D.S (0,0) 

m 22: T22 (0, 0) X22 ex., Yi) Y2, (X2, Y2) Z22 (X3, Y3) 

m i5m^^^^^mmmimmmm0^miM^mm, ^a,o (a,b). a„ (a,b). 

Au (a,b )-^m 15 ^ Cio (e,0)^ Cn 

(e,0). Ch (e,0)^ll 15ff:^|^|l]i^4mm5ro*.J3Et/^ftlI;^.6^¥M«ffi|Wl; D,o (0,0) . 

Da (0, 0) . D.2 (0, 0) > Dh (0, 0) 15 pjx^mn^^mjjM^MMj^. o mw-mMmm-, 
MA^^if, i)MUit.Mm 15 m^mmP^^mm^^A^AMMm^mMumm.-^; ^c,2 
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Aio-^ Cio 

i) Aio Gio;^., j^.do Gio, ffl^m^it^o 

T^^^Y22:zmmm-^mmskmmm^m^, mM^\^^Y^', }^T22^;^z22:zmmm^^m^ 
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m^m^^^, msktB\^}^Zi,i ^x^i^M^Zn ^ ^22^^z22-^umm<^mMm^^^o 

k) mf^:^Mm9.'. 

^ ^i,U "e„ " , ^ Ctot^ "U" , ^ J),oU "0" , ^ Gio^ "M";' 

^ An# " i 0 " , Ca*^ " f/ " , Du*^ "0"; An C.t^ "Ea 

^ Ai^;^ "2ii" , ^ Glg^ "S2i»" , D2# "0"; 

Ai6# , ^ Ci5# "U" , M Di6# "0"; 

MM-^^fflt^iR: ;^X22 > Y22 . Zi2^mU^mf^> m>,„. 

m) mmm^m^w^'. 

G.o ^ ^ Qio:t|H]ffi^B:^^^o eH3^ M,o N.o 0,0 P,o Qio M,o Qio) fflffi^^iS^, 
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«3 m.m\s\^mj' 
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fflll 


Mm 






DioCio 


DuCu 






DisAis 


Mi 


DioCio 




CiaCiu 


DhCh 


D,5A,5 




DioAio 


DuAu 






DiaA,,, 




DioAio 




AiaAi;} 


D,.,Ah 


D,5A,5 
















CioAio 












AioGio 












CioGio 











s) m^miRM^m'm: mam n ^>^^6t]%*fL— ^^^w^;f^^-^, ^^-m^^ 
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'(to 

^±mMW.m^, ^m^ntmwmm m i5> m le. m m is. m 22 m^m 
mm 11 m.'^o 'pr\^4^i^mMm^^mm i4> s le. m i7> ^ is ^-s^ini^^m^^. 

2) irMm}¥m^ 
(1) 

0WiM^^mx ±g#l^c'&^*m«*ffi^ ^^4^. m^js. mm^m. w^b^ij^. 
fe^M*. JiiA. mm^Bo ^um^^m. ^m^^i^-. 

W^H. W*^. W5&?iJ^^ ^?ij?lj¥> ^^M*. 

(2) 0mv\-m 



a 




^P = K„Pj 






b 










c 






hi- 




d 




V i,cj = K.jjU^ 


^ coj 




e 


I J- - Kfi^ 








f 


F = KJ 








g 
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h U,^=KxvU^. U^^^K^U^ U_^=K^U^ 

(3) m.mn-^^-^'MMn^mK'Lm. 

a)»Jffi 12 mm^U^^^m (/, = 0 ) ^#?ij^H|Sc ( /„ = ) li^, ip u= /„ (I/) 
^nu= A (I,) ifli^, 

U=/n (I,) |fi|^±6tf-^/^., ... /^^ X^J^S^,,^. B, B. - B„, a.^B B, Bs - B„ 

U= /o (I/) C C, C2 ••• C„, o^^.-^ 0 fP.«^ C, , ^M-feo C^ji.^. B,TO^IR«$iS^ 

c) it^ 

|2!!l/„,=/^.Z(-97) . 

d) >ItE.fl<-^$PXa= / (Ea) #X,-tt 

(4) it# 

a a = e + |^X^ 

(a) 
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(b) Tl1?4^fe 

Af = K„U, ...X = K„U„', 2U= Ktj (U, +U.+ +U„), /.=^ A=^ /„=^ 

f mmmmmT^iVM 

. X,=K,a ; Y,= K.b ; X2=K2 (e-a) ; Y^^-Kab ; X:,=X.+X2 ; ¥.=¥,+¥2 

g /=/i:^l/„»^ *sin J, 

ffl ^^ijffl 'R.i!lS*^3s1f >tlt5^^^fe'J tli^' (^"l^tt; 
^ i£h *S 1^ P m %tA^SiJ tmMTo 

M^Tft-^iij^^ffl. #J5iffl5-ffl9, fg^mffl^^n^n^j^^o a:^ii3^ffl 5 pq tt^M 
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1) ^Bffi oEo , ou ^m'^mm^!^^$imm^^mm.^^&> ue, •> m^^^m^m^^isi 
^ M ^ ou asiise^;^. u m^^m^^^m^'^Bfmm^^-^j]i^^m.m,m, E,:aE ou a: 

■%;^.ua'^^^ii*^a:tt4^B/fm6^^tt^jjj^:^fi^ lE-ft^^^, .'^E,^Eoua:^a^±:^. 

2) taW:^ OEo ,ou -fejg^5m^^*«WSfl:^P^T^Hl^]'^^,g.M4,UE<, , UE, 

3) ^p^ffioEo. ou-feitMJ«^|si^^m$t?iifffP^^W, UE, . m,^Mm^m 

lEWJj3^:&WJij, ^ISiMU. UN^^iJ^^^$Afnl:$S#^^$5Sr#MJ^^^iij^Ki^», M^OS 
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6. mmiammm^ (^9) Mm&^Tm^^^m^nmmmm^^iMmmm^ 
R^jM^^JiM^m, 0M.m u-m is, mmmmMmp^n.^, M^-^Mm u^?q &m 

2. Mlwii^*Uia:^Jij:ft-RM^W«'^?!j^S (ffl 14) AW)5iS^JJC: — ^W^^^. 
^T%#6^^?^4h»^n5E5i:f>»; ^ M ou ^a±^ ^ ou am6t]M-fe^±^^^ u 

2) ffiOEo^ 0U-feS4^5lJ^^%fL«Mil*W^B^^^i|p^,&affi«tE^F, EoU> EpM. 
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3) im^m uEom-^&m^^^M^^^ w ^^^h, w} eom. um m-^mi^m^^R^m.m 

5) m.m.m^^^M^^j!3Mm cm u) ^^H^mm m is) 
mm^o 

6) mmMnmrnw cm m M%MM^Tm^mm^wmmia.iffm^t)Mmm-^-n 

JIM, i:X^m0mjlJ:i¥^M^Vt^o 
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u m m M 

® mmmm^mjiM^^mm^ mm-mmm. ^Mm^mnm. 

Aio(a,b) Cio(e,0) Dio (0, 0) do (a, 0 ) 

^H^^M^mm An (a, b ) Cn (e, 0) Dn (0, 0) 

4ln.tLM^M AizCf,!-) (f ,0) D,2 (0,0) 

A,3(-f , Cl3 (- t,0) 

*m*rL«=^MMS Au (a.b ) C.4 (e,0) D.4 (0,0) 

mMM^^^JjMm A,5 (h,i ) C,B (j,0) D,B (0,0) 

mn.^M^f^mMm t^^ (o, o) X22 ex,, y.) Y22 (Xs, y^) z,, cx,, Ys) 
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c) |WI^*a=^^ra!]#: :e-5)J!M^ D,o Dm D.g^|a.|lN, Ui|Wli^%mi^^Xfpflt C,oD,o 



;^D.o-^,^,A,o:^fs], .■^A„-^,^.A,3:trBl, .^Ah-^^.Dm:^^, ;^ A,5^.'^,D>5:tMteffiS^; 



j) ^«:;^,D., Si.^ A,.:tri],ffi^— ^f^^fi^J^^*^,'^^^gl^^^ Au;^D„ c, 
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k) ^Bj^mBiR: 

^Au# " Eo" ,^CnWU " , ^D„# "0", mWLknCnm "Ea "; 

A,2^ "n^" , M CM "22a>" , M "0"; 
^ Am# "la^" , Cm# , ;^ Dm^* "0"; 

}^ hrM "E," CsU "U" , ^ 0,5^ "0"; 

X22 N Y22 Z22^S'J'feP/^2%,-. 3i),„> Si)o„ 

■ m) mmiM^m-^mTH: 

;t^™3l*> 0,0 Pioii^, m«|Hii^^in.i&T^6<j*;'c# 

G,o ^ Qio^mmmMm^m-, mm m,o Nio o.o p.o Qio (^^a:^aM,o q,o) ^s^^is^, 
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p)mmmM.^^: i^x^D^^m^ti'. ^smm^M^s. DisCs^^m^^h,. 

(1) 

^m^m^^^%mM^&. m^jEs mm^m. w^jj^b^^ 

^jijTjj^, ^=^mMM. ^=fmMA. TiJ^^ m^^ffi; ^si-fe^g: 

^^M, BM^m. W?bJjj^. ^:s^Jj3^. 

(2) #S$tT+#: 

C I„j=K,I„ I^=K,I, 

^ ^ x«bl - ^ XU^ xab ^xbcj = f^XU^xbc ^ xcaj = XU^ xca 

(3) mmn^^mMMn^mKy^m. 
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a) </„ = 0 ) ^D#J;&*Hm (/, = ) BP U=/o (I/) ^fl U=/„ (I/) 

Hlfttt^^^ U=/n (I/) ft^±Q^-^/^, - ij^nmrn^B, B„, 31;^ B Bi 

B2 - B„^sij# n ^^^#'14=^?^ (^4- CD c£>=/^*;5r.). ^M^^m 

m^mm\i=fo ^^.c Ci g - c„, 5S^;^o^j±cci, ^M-feoci^sjij^BiW^m 

c) 

d) mE,mixtax,= f (Es) mm. n^M-, 

(4) it# 
a a = e + |^X, 

c mm^Mim 

(a) 

(b) iM-^&'^m 

Af = K,,U, ...x=Kr,u„; 2U= Ktj (Ui +U,+ +UJ, /,=^ /3=^ 
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X,=K,a ; Y,= K,b ; X2=K2 (e-a) ; Y^-Kzh ; X3=Xi+X2 : Y3=Y,+Y2 

b f/^ = + «,^z:i2o" + «,^,Z240'') = u.^s 

^ u, - ^''^ 

e K^U^ *cosS, 

® ^±iitm.m^^^M^^Mm^ m^:^jjM^Mm> ^m^^immm.. ^m.^mmMm^ 

M^^JjMm: A„(a,b) Bo(c,d) Co(e,0) Do (0, 0) Eo (/, g) Fo (/, 0 ) 

Go (c. 0 ) 

*nTj]:t^mffl: A, (a, b) C, (e,0) D, (0,0) E, (/, g) 

^mmm^: hif,^) ^^if.o c,(f,o) (o,o) E^cf.f) 

AA-f,-i) BA-f.-f) C, (-t,0) E.,(-f,-f) 
mmmmmm: a, (a,b) (c,d) C, (e,0) D, (0,0) E4 (/, g) 

mmM^^iiMm-. a^ ch, i ) c, (j,o) (o,o) 
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mHW^-kf^Mmmz T^o CO, O X20 CXi, Y,) Y^o CX^, Y^) CXa, Ys) 
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i) ^Eo Fo, Goj^, j^Co ^i^. Go, m^mm-mi^; 

j) j^D, kx:tm, mw—^m^mm^^^. ^^i^m^ a^-, j^.E^m a, 

Z20; ^> X20 Z20 > Y20 

k) 

^ Ao^^ " E^" ,^B,m " E/' , CoU "U" , D„^ "0" , ;^ Eo# " " , Fo# "M" , 

A, ±^*^ "E," , " k " . C. m " U" , D, S "O " , E, " 4 

A4# , ^ BM "2i)/' . CM "225" , ^ "0" , E.,# "ifl)"; 

X20 ^ Y20 ^ 

^MiaMmumMVcM^ik., w^^m^=f-m=fmwmm^'^, mmM't^^^f^'^^n^-, 
m) mmm^m^m^'. 

(b) it»tLit^6^^^,^^oi^ Ejt., 
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p)|WI^®^S^: l^>l;^D5^|l^Cs ^mUm^^BP^> DsCs^^^^M^H; 

CD m^0m 

K2 , K3; ^-mmmiti^mmi ^t*^^ mim^h. m«> 

WTiJTiJ*^ lij^. m^*JE; 4#L^^#ir, 

wm^B.^ wm^m.. ^ciijii*. ^^m*^ 

(2) #itit#: 



a 




T.P = K„Pj 




b 








c 








d 








e 




Iqj- = Kqj^Iq 




f 
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i My = JSTiM^ Uaj = Kc^Ug Ubj = Kg^Ug 

(3) m^^mm^^m.-Mmn^^^y^m. 

a) ^^J:a*.tn.^^ </„ = 0 ) ^p#iij¥Hi§: </„ = > tt^- u=/o (i/) ^ u=/h (I/) 

msu=/o (I/) fnu=/N (I/) ft^ffl, ^//, - i^„n^wm^mm., ^w^^ 

HiJctt^H^ U=/n (I/) ia^±S<]^/^, - i^J^m^^.^. - B„, 51;^ B B, 

82- B„^SlJ# n (^"f CD CD=/^*X„), ^SiJ3£Sic 

#'l§tt^U-/o (I/) C C, Ca - C„, -j^^;^. O^n;^. Ci , 0 C,5S3i;^. BiTOTIR 

mM^m'M.m=f'M. , nw^^^. o ^p;^ ^ -is^;^ o c„ , oc^-m^ oc„, 

C) ^Ea 

t,=e + ji„j*X, e,=|e,| 

d) )if-Ea{t'f-^^nX,= / (Ea) mm, #Xafi 

(4) it# 

a H = e+y7„^ = ijtbi'J;?;!^ 5 (90°)<5>-90'') 

b /, =/„, sin(J + ^) 

C I^=I^cosiS + <p) 

d a = (e * cos 5 + * ) * cos 5 

e b = (,e*cosS + Ia*Xa)*siaS 

f c = e + *cos (5 
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h f = e*cos^S 
1 g = ^e*s'm 13 

j wm'^m^m- 
(a) 

(b) wf^^^i 

A/ = A'„t/3 .••x = if„y„; 2U= Kr, (U, +U,+ +U„), /, /„=^ 

i+^£-„, = /, VI^TT^ fi'oi = /j Va' + 6' -Bo, =f„-Ja- + b' 

X,=K,a;Y.= K,b;X2= K2(f-a)+ K,,(— a);Y2= K2(g-b)+ K3 (d-b) ; X:,= X, + XsiYa^ Y, + Y, 

c J^--^Z.S 

e h = K^U„,j*cosS, 
f ;■ = K^U^j *sin J, 

^ y = ^XN^ xab] 

C6) ^##%^i^^^^iltb^, a;^T*tefeil0tmWo 
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